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ABSTRACT
A Novel Tool to Promote Surgical Team Awareness of Nurse Anesthesia Students’ Level of
Training
Joseph Britz, BS, BSN, SRNA
Background: Communication errors in operating room (OR) settings are a common and
avoidable source of patient harm. Communication in OR settings is enhanced when all members
of the surgical team have knowledge of the skills and proficiency of their fellow team members.
Student registered nurse anesthetists (SRNAs) provide anesthesia under the supervision of a
certified registered nurse anesthetist (CRNA) or physician anesthesiologist. SRNAs’ proficiency
in delivering anesthesia can vary significantly depending on their level of training, which varies
based on the progression of the student in their multi-year nurse anesthesia program. Methods:
This quality improvement project implemented a standardized non-verbal communication tool
involving a color-coded visual cue system to aid surgical team members in quickly identifying
the level of training of SRNAs in the operating room setting. Introduction of the intervention into
the clinical setting was preceded by release of materials via email and posters to educate staff
regarding the intervention. Pre-intervention and post-intervention surveys of surgical team
members were conducted to gauge the effectiveness of the intervention. Results: A statistical
analysis of these results did not demonstrate a significant improvement in surgical team
members’ ability to quickly identify the level of training of SRNAs. Discussion: Poor statistical
resolution secondary to small sample sizes and the limited means to educate a large pool of staff
make interpretation of this result difficult. Conclusion: Further research using more robust
methods of staff education and data collection would be necessary to firmly establish or discount
the intervention’s validity.
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A Novel Tool to Promote Surgical Team Awareness of Nurse Anesthesia Students’ Level of
Training
Ineffective team communication is an all-too-common source of adverse events in
operating room (OR) settings. A review by the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO) has identified that 79% of sentinel events in hospitals may have been
caused at least in part by breakdowns in communication (Joint Commission, 2016). The OR
setting is not exempt from such errors. One study analyzing the root cause analyses of reported
surgical adverse events in Veterans Health Administration (VHA) hospitals implicated
breakdowns in communication as the most common cause of adverse surgical events (Neily et
al., 2009). These results ought not be surprising considering that the OR is a fast-paced and
dynamic environment in which a variety of individuals, each with a different role, must act in a
highly coordinated fashion. This high level of coordination requires that information be
transmitted between surgical team members accurately and efficiently. Consequently, the
paramount nature of communication in the OR can be readily appreciated.
Communication in an OR is most efficient when surgical team members know who is
present in the operating room at any given time, what their role is, and what their skill sets
include. For all licensed healthcare professionals there is an expectation of a minimum level of
proficiency. However, student registered nurse anesthetists (SRNAs) are in a unique position
because, though they are registered nurses and are functionally members of the surgical team,
they are not yet certified, and cannot act independently. They practice only under the supervision
of either a certified registered nurse anesthetist (CRNA) or a physician anesthesiologist.
Consequently, unlike other members of the surgical team, their level of proficiency cannot be
automatically assumed and is not always readily apparent. Furthermore, the proficiency of and
expectations for SRNAs vary significantly depending on their level of training which correlates
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to how far the student has progressed in his or her nurse anesthesia program (M. Frame, personal
communication, May 28, 2020). This makes it more challenging for surgical team members to
quickly and accurately recognize a particular SRNA’s level of training. Failure of surgical team
members, especially those responsible for supervising SRNAs, to estimate the proficiency of an
SRNA quickly and accurately could lead to situations in which the expectations of, and
responsibilities for, an SRNA are not appropriately aligned to the SRNA’s level of proficiency.
This represents a potentially serious threat to patient safety. This threat may be mitigated through
robust communication among surgical team members. Unfortunately, such communication is
often lacking and inconsistent (A. Ostrowski, personal communication, June 25, 2020).
Problem Statement
Surgical team members may experience difficulty in immediately distinguishing between
novice SRNAs and more advanced SRNAs due to a lack of routine and robust communication,
potentially leading to situations which threaten patient safety.
Background
In recognition of the importance of effective communication to the safe delivery of
surgical care, JCAHO, and the World Health Organization (WHO) have promoted the use of
standardized communication tools and techniques in the OR. These tools and techniques help to
ensure that all members of the surgical team have a shared understanding of the specifics
involved in a surgical case and the surgical plan (Link, 2018). The most significant of these are
the comprehensive surgical checklist and pre-operative time out procedures, which have become
standards of surgical care in the Unites States and much of the world and have been validated as
effective in improving surgical safety (Borchard et al., 2012; Treadwell et al., 2013). However,
there remains opportunity to further improve OR communication through implementation of
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novel standardized communication tools which may include non-verbal tools and visual que
systems such as color-coding systems.
A color-coding system is a type of standardized non-verbal communication tool that
offers the advantages of rapid and efficient communication of information via a visual cue, a
characteristic which makes this tool amenable for adoption to the fast-paced and dynamic OR
environment. In fact, color-coded visual cue systems have already demonstrated utility in
communicating vital information in OR settings. One study found that implementation of a novel
color-coding system which linked the color of OR staff members’ scrub caps to their role
successfully improved OR staff members’ ability to distinguish between medical students,
doctors, nurses, and vendors (Rosen et al., 2019). A color-coded visual cue system is also used in
OR settings as a way to reduce medication errors resulting from drug misidentification. Under
this system, color-coded labels are applied to medication syringes based on drug class. A similar
labeling scheme is followed for many commercially available pre-filled medication syringes.
This system is utilized widely in the administration of drugs by anesthesia providers in the
United States and in other parts of the world. While this intervention has not yet been rigorously
validated, one survey found that 94% of anesthesiologists feel that color-coded standardized drug
labeling ought to be required in OR settings as a means of increasing patient safety (Christie &
Hill, 2002).
Literature Review
A literature search was conducted using the population, intervention, comparison,
outcome (PICO) process, guided by the following PICO question: “Among surgical team
members, does implementation of a training-based standardized non-verbal communication tool
for SRNAs, compared to usual care, improve surgical team members’ self-assessed ability to

4
quickly identify the level of training of SRNAs?” Information on operating room communication
errors, standardized communication tools used in OR settings, and color-coded visual cueing
systems used in OR settings were extracted from the literature. The literature review conducted
for this project indicated that the proposed intervention has not been previously described in the
literature. Therefore, direct evidence in the literature supporting the intervention was unavailable.
There was however evidence in support of the intervention found in the form of indirect
evidence.
Critical Appraisal of Literature
An appraisal of the four studies uncovered during the literature review was conducted.
The following paragraphs within this section provide a brief overview of each of these studies.
Information for each study regarding study type, purpose, method, sample size, outcome
measures, results, strengths, and weakness can be found in a summary table in Appendix A.
A descriptive study by Neily et al. (2009) analyzed a total of 342 reported surgical
adverse events and close calls in all VHA Medical Centers from 2001 to mid-2006. The study
attempted to describe and quantify the characteristics of adverse surgical events including
surgical category (major vs minor surgery), event location (OR vs non-OR), adverse event vs
close call, anatomic body segment involved, and the service or specialty that performed the
surgical procedure. Of special relevance to this literature search and the proposed project, this
study also analyzed root cause analysis reports of each of the reported adverse events. This
analysis revealed that the most common root cause of surgical adverse events was a
communication problem (21.0%).
A systematic review by Treadwell et al. (2013) discussed the efficacy of surgical
checklists for improving patient safety, providing support for use of standardized communication
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tools in OR settings. This systematic review relied on a search of four databases (MEDLINE,
CINAHL, EMBASE and the Cochrane Database of Controlled Trials) and considered articles
describing use of the World Health Organization checklist, the Surgical Patient Safety System
(SURPASS) checklist, a wrong-site surgery checklist or an anesthesia equipment checklist. The
search yielded 33 studies to comprise the review. The review found evidence that these
checklists were associated with increased detection of potential safety hazards, decreased
surgical complications, and improved communication among operating staff.
Another systematic review by Borchard et al. (2012) investigated the effectiveness of
compliance with, and critical factors related to, the implementation of surgical safety checklists.
This reviewed utilized a variety of data sources including Medline, Embase, Cochrane
Collaboration Library, and a manual search of reference lists of key articles and tables of
content. The search yielded 22 studies to comprise the review. Results showed that the use of
surgical checklists significantly reduced risk for surgical complications and mortality and had a
high overall compliance rate (mean 75%).
A descriptive study by Christie and Hill (2002) investigated the use of standardized
color-coding for anesthetic drug syringes. The study relied on a postal survey of 285
anesthesiologists in the United Kingdom and asked respondents to provide their views on
whether they supported use of a standardized color-coding system for syringe labels for
anesthetic drugs. The study found that 94% of anesthesiologists involved in the survey felt this
type of labeling system ought to be required as a means of improving safety. This, study was
relevant to the project in that it provided evidence to support color-coding systems as a type of
standardized communication tool with practical adaptation to OR settings.
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A descriptive study by Rosen et al. (2019) described an intervention with strong parallels
to the proposed intervention for this project. This study introduced an intervention to help
increase awareness of surgical team member role by having surgical staff wear color-coded
surgical caps which corresponded to their role on the team. The intervention was aimed at
reducing role misidentification and promotion of patient safety. Outcome measurement consisted
of pre- and post-intervention surveys of surgical team members to assess their perceptions of
improved ability to identify team member roles and their perceptions of improved patient safety.
The results of the study suggested that the intervention was successful in decreasing
misidentification of staff members in the OR. The parallels between this study and the proposed
intervention provide the most direct form of evidence supporting the proposed intervention as
found in the literature.
Additional Evidence
In addition to the previously described evidence found in the literature, expert opinion
also comprised an important aspect of the evidence supporting the proposed intervention. Expert
opinion was derived from discussion with an expert CRNA and educator with 18 years of
clinical experience. This expert endorsed the proposed intervention as a means of promoting
surgical team communication and patient safety (M. Frame, personal communication, May 28,
2020). This expert cited personal experience working at other facilities which employ a similar
intervention for identifying SRNA level of training as the basis for his endorsement (M. Frame,
personal communication, May 28, 2020).
Literature Review Synthesis
The indirect nature by which the studies found in the review supported the proposed
intervention meant that they lent support to the intervention in different ways and from different
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angles. As a consequence, the objectives for each of the studies described in these articles shared
no common aim or purpose which precluded direct comparison of methods and synthesis of the
studies’ results.
Literature Review Summary
While the novel nature of the proposed intervention prohibited direct consideration of its
potential effectiveness due to lack of previous studies, indirect evidence and expert opinion
helped to bridge this gap in the research and provide a basis to support the intervention. The
search revealed high quality evidence in the form of systematic reviews supporting surgical
checklists, however the studies relating to application of color-coding systems in OR settings
(Christie & Hill, 2002) and the use of coloring-coding for staff identification in OR settings
(Rosen et al., 2019) were of limited value due to their descriptive designs. However, when the
evidence from the literature is taken together with expert opinion, support for the intervention
could be drawn.
Specific Aims
The project utilized a non-verbal communication tool in the form of a color-coded visual
cue system meant to rapidly transmit vital identifying information in the OR setting. The aim of
the project was to improve awareness of the proficiency level of SRNAs among surgical team
members, especially those supervising SRNAs. By improving such awareness, the project aimed
to improve communication within the team and facilitating a level of SRNA supervision
commensurate with SNRA training and proficiency, thereby promoting patient safety.
Theoretical Framework
The Plan-Do-Study-Act (PDSA) model was chosen as a theoretical framework to guide
this project. The PDSA model is a four-stage problem-solving model commonly used for
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improving processes in health care settings (Centers for Medicare and Medicaid Services [CMS],
n.d.). The following paragraphs describe each stage of the model and how it was applied within
this project.
The first stage in the model, the “plan” stage, involves consideration of several factors.
Part of this stage requires identification of a problem within a system and the proposal of a
solution. For this project, the identified problem was a lack of robust communication among
surgical team members regarding the level of training of SRNAs. The planned solution to this
problem was implementation of a standardized non-verbal communication tool that could be
worn by SRNAs to indicate their level of training.
This initial stage of the model also required identification of the stakeholders involved
and their respective roles in the project. For this project, several stakeholders were identified.
One of the key stakeholders identified for this project was the chair of the anesthesiology
department at the planned implementation site. This individual is ultimately responsible for
ensuring patient safety and therefore has a vested interest in the outcome of the intervention. He
also held the authority to approve or deny the project’s implementation. Other key stakeholders
included surgical team members such as SRNAs, CRNAs, physician anesthesiologists, surgeons,
and circulator nurses. These stakeholders were actively involved in utilizing the intervention.
Additionally, patients were considered stakeholders given that increased patient safety was the
intended outcome; however, patients did not play an active role in participating in the
intervention.
The next stage of the PDSA model is the “do” stage. This stage is very straightforward.
The goal of this stage is to implement the intervention in the manner conceived during the
planning stage. During this stage it is necessary to document observations, including any
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problems and unexpected findings (CMS, n.d.). It is also necessary during this stage to collect
the data necessary for later study as identified during the planning stage (CMS, n.d.). For this
project data was collected in the form of pre- and post-intervention surveys of surgical team
members about their opinions regarding difficulty in differentiating level of training of SRNAs.
The third stage of the PDSA model is the “study” stage. During this stage, collected data
is studied and analyzed to determine if the change resulted in the expected outcome (CMS, n.d.).
Also, during this stage, the overall effect of the intervention will be analyzed and summarized to
shine light on consequences, surprises, successes, and failures (CMS, n.d.). For this project, the
study relied on statistical analysis of the survey results.
The last stage of the PDSA model is the “act” stage. It is in this stage that the knowledge
gained from the previous stages is used to modify the intervention as needed, possibly expand
the intervention, or to abandon the intervention and try a new approach (CMS, n.d.). For this
project, the results suggested that the intervention would require modifications (see Discussion).
Methods
Context
The intervention was implemented at a 690-bed tertiary care academic medical center
located in northern West Virginia that serves as the flagship hospital for a larger health system.
The population under study was relevant surgical team members at this institution and included
SRNAs, CRNAs, physician anesthesiologists, and circulator nurses.
Project Design
As previously mentioned, the intervention for this project consisted of a non-verbal
standardized communication tool that was introduced into the OR setting. The purpose of the
tool was to help surgical team members readily identify the level of training of SRNAs. The tool
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consisted of color-coded badge reels that were worn by SRNAs which corresponded to the year
in which they are currently at in their program of study. First year students wore a red badge,
second year students, a yellow badge, and third year students, a green badge. In this way, any
surgical team member, including those entering the OR mid-case, could immediately ascertain
the level of training of the SRNA working in that case via this visual cue.
In order to facilitate understanding of the tool prior to its introduction into the clinical
setting, surgical team members were educated about the tool and how it is designed to improve
patient safety. Education occurred through email of educational materials (Appendix B) to
relevant surgical team members including SRNAs, CRNAs, physician anesthesiologists, and
circulator RNs (Appendix B). Education also occurred via display of educational posters posted
in areas frequently trafficked by surgical team members. The material on the posters mirrored the
information and visual aids provided in the email. In addition to describing the color scheme that
was to be utilized (Appendix B, Table 1), the educational material also included a progression
plan for the students’ curriculum which outlined which classes students would have completed at
any point during their course of study (Appendix B, Table 2). The purpose of providing the
progression plan was to provide a general context for understanding the relationship between a
student’s program progression and their knowledge set and skills.
Budget and Inventory of Resources, Personnel, and Technology
This project was not resource intensive. The project was conducted solely by the primary
investigator on a volunteer basis and hence there was no associated personnel costs. The only
expenses that were required for completion of the project were the purchase of badge reels and
poster boards which were used for making educational displays. These materials were purchased
for less than $100. Paper and ink were also needed to make the posters, but these costs were
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negligible. Funding for the materials came from a donation by the primary investigator involved
in the project.
As far as technology, the only hardware necessary for completion of the project included
a personal computer owned by the primary investigator. Data collection was conducted using
Qualtrics, a web-based survey tool. Data analysis was conducted using IBM SPSS Statistics
software.
Congruence with the Organization’s Strategic Plan
The mission and vision statements of WVU Medicine, of which J.W. Ruby Memorial
Hospital, the intervention site for this project, is a part of, is as follows:
“Mission: To improve the health of West Virginians and all we serve through excellence
in patient care, research, and education.
Vision: To transform lives and eliminate health disparities through a nationally
recognized patient-centered system of care that includes:
•

An expanded regional healthcare delivery system

•

Consistent, integrated patient care recognized for delivering the right care in the right
place at the right time at all sites

•

Development of new approaches to improve healthcare, including team-based models of
care, expanding WVU clinical and translational research

•

Educational programs throughout the network recognized for training uniquely qualified
healthcare team members and leaders

•

A culture of performance and excellence throughout the network” (WVU Medicine, n.d.).

The principal aim for this proposed project was an increase in patient safety in OR
settings, a goal which is congruent with the hospital’s mission and vision statements. The
mission and vision statements both include language emphasizing the importance of providing
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excellent patient care. A high priority for patient safety is certainly a requisite for excellent
patient care and hence this aligns with the project’s primary aim. Furthermore, the vision
statement mentions the importance of developing new approaches to improve healthcare which
also fell in line with the proposed project as this project introduced a novel approach to improve
patient safety. Additionally, the vision statement also makes a statement of support for the
development of team-based models of care. This project aimed to facilitate improved
communication among interdisciplinary team members, thereby supporting a team-based
approach healthcare, further aligning the project with the hospital’s vision statement.
Evidence of Key Site Support
The primary stakeholder for this project is the Chair of the WVU Anesthesiology Department for
WVU Medicine who has expressed his support for the intervention (Appendix C). Support for
the intervention can also be found in the mission and vision statements for the institution as
previously described.
Project Timeline
The project intervention was implemented on March 2, 2021, with the distribution of
emailed educational materials (Appendix B), display of education posters, and distribution of an
emailed pre-intervention survey. Pre-intervention survey results were collected over the next 30
days. The badge-reel intervention was then deployed on April 1, 2021, and utilized for
approximately seven and a half months. A post-intervention survey was then distributed on
November 12, 2021, and data collection from this survey occurred over the next 30 days.
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Objective, Methods of Evaluation, and Analysis
Measurable Project Objective
The aim of this project was to increase patient safety through facilitation of improved
awareness of SRNA level of training within the OR setting. The measurable objective was a
reduction in surgical team members’ perceptions of difficulty identifying SRNA level of
training. Thus, surgical team member perceptions were used as an indirect, qualitative measure
related to patient safety as a means of evaluating the success of the intervention.
Methods of Evaluation
Evaluation of the success of the project’s objective proceeded through collection of
qualitative data through surveys of relevant surgical team members. All surveys were conducted
via email. Data was collected at baseline (prior to introduction of the intervention), and then
again seven and a half months after implementation of the intervention in order to assess for
potential effect using statistical analysis (see Analysis of Data for details). As a consequence of
the novel nature of the intervention, no suitable survey tool with established validity and
reliability was available. Therefore, a novel survey tool was employed. The pre-intervention
survey was a brief and asked the respondent to identify their role on the surgical team (SRNA,
CRNA, anesthesiologist, or circulator RN) and then rate their level of agreement with the
following statement: “It is difficult to quickly determine the level of training of student registered
nurse anesthetists (SRNAs)” on a five-point Likert scale ranging from strongly disagree to
strongly agree (Appendix D). The post-intervention was identical to the pre-intervention survey.
Analysis of Data
A statistical analysis comparing pre- and post-intervention survey results was conducted.
Survey respondents were sorted into four groups based on surgical team member role: (1)
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SRNAs, (2) CRNAs, (3) anesthesiologists, and (4) circulator nurses in order to compare pre- and
post-intervention perspectives from different classes of providers. Additionally, a composite of
all providers’ pre- and post-intervention survey results were compared. Survey responses as
assessed on the five-point scale were condensed into three groups (1) overall agree (agree and
strongly agree), (2) neutral, and (3) overall disagree (disagree and strongly disagree) in order to
facilitate analysis and interpretation.
A Mann-Whitney U statistical test was applied using IMB SPSS statistical software to
compare pre-intervention and post-intervention results (see Figure 1). Results were considered
significant only if one of the following conditions was met: for samples where n < 20, U<U0
utilizing U0 associated with a level of significance of 0.05 and for samples where n ≥ 20, a Z
score with an associated 2-tailed p < 0.05.
Ethical Considerations
This project took all appropriate steps to assure that the rights and welfare of all relevant
stakeholders were protected. This project did not involve direct patient care and did not pose any
potential threats to patient safety. The surgical team members who participated in the project as
survey respondents were informed of the purpose of the surveys and informed that their
participation was voluntary. No identifying information was collected.
Results
A total of 33 participants completed the pre-intervention survey and 40 participants
completed the post-intervention survey. Figures 3-7 show pre-intervention and post-intervention
survey responses as a percentage for SRNAs, CRNAs, anesthesiologists, circulator RNs, and all
providers respectively. Analysis of the pre-intervention and post-intervention survey responses
did not demonstrate a statistically significant change in the perceptions of any of the categories
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of providers surveyed (SRNAs, CRNAs, anesthesiologists, and circulator RNs) regarding
difficulty in quickly ascertaining SRNA level of training (Figure 2). Further, no significant
change in provider perceptions was noted when providers were compared as a composite (Figure
2). Consequently, this evidence suggests that the objective of demonstrating an improvement in
surgical team members’ ability to quickly identify the level of training of SRNAs was not
achieved. One of the key barriers to the objective was the small sample sizes available for
statistical analysis. These small sample sizes gave the analysis less statistical power to identify
any potential effect from the intervention.
Figure 1: Mann-Whitney Test Ranks

Figure 2: Mann-Whitney Test Statistics
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Figure 3: SRNA Response to Survey Question (%)
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Figure 4: CRNA Response to Survey Question (%)
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Figure 5: Anesthesiologist Response to Survey Question (%)
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Figure 6: Circulator RN Response to Survey Question (%)
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Figure 7: All Provider (Composite) Response to Survey Question (%)
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Discussion
Summary
Effective and efficient communication is of paramount importance to ensuring patient
safety in the fast-paced and dynamic environment of the operating room. Standardized
communication tools such as pre-operative checklists and the pre-operative time out have
demonstrated efficacy in promoting patient safety (Borchard et al., 2012; Treadwell et al., 2013).
Communication in the operating room is most effective and efficient when all members of the
surgical team know the roles and qualifications of the other team members. Thus, this project
postulated that patient safety could be enhanced by implementation of a non-verbal standardized
communication tool which would quickly and efficiently communicate to surgical team members
the level of training of student registered nurse anesthetists which serve as functional members of
the surgical team. The key strengths of the project were the simplicity of the intervention’s
design and its relative ease of implementation.
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Interpretation and Limitations
Analysis comparing pre-intervention and post-intervention survey results from relevant
surgical team members did not demonstrate, as anticipated, an improvement in surgical team
members’ ability to quickly identify SRNA level of training following the introduction of the
intervention. There are a variety of possible reasons for this result relating to potential project
design flaw and project limitations.
One explanation for the project’s outcome is a potential design flaw relating to a key
assumption of the project and how this may have conflicted with the choice of wording in the
pre-/post-intervention surveys, resulting in confounding of the results. The utility of the
intervention rested on the key assumption that educational progression could reliably be used as
a proxy for clinical proficiency. However, it is possible that many survey respondents may not
have agreed with this underlying assumption. Furthermore, the survey question, as written, asked
respondents about their ability to assess SRNA “level of training”; however, this term is nonspecific and does not adequately differentiate between “educational progression” and “clinical
proficiency”. Therefore, those survey respondents who did not agree that educational progression
and clinical proficiency were reliably correlated may have indicated that they had difficulty
assessing SRNA “level of training” regardless of whether or not they were able to effectively
utilize the visual cue to ascertain SRNAs’ educational progression. This could have had a
confounding effect on the results, potentially making the intervention appear less effective than it
truly was. A better approach may have been to separately investigate (1) providers opinions
regarding the degree to which SRNAs’ educational progression can reliably be used to assume
clinical proficiency and (2) whether the intervention is useful in helping providers to quickly
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ascertain SRNAs’ educational progression. Other potential explanations for the project’s
outcome assessment results relate to limitations in the project’s design.
One of the key limitations of this project was that, due to its novel nature, available
knowledge in the literature was scant and support for the intervention largely had to be drawn
from indirect evidence and expert opinion, rather than from high quality studies that specifically
investigated the PICO question for this project. Only one study with strong parallels to this
project could be found (Rosen et al., 2019). That study specifically investigated the use of a
color-coded visual cue system (scrub cap color) for role identification purposes in the OR
setting. That study found the intervention to be successful in this purpose. That study’s design
was very similar to this project, with one key difference, namely, that the Rosen et al. (2019)
study lacked a staff education component, whereas this project did include staff education. The
difference in the results of that study and this project are therefore somewhat surprising and
suggest that staff role identification may not be a good comparable for staff level of training
identification.
Another key limitation of the project was the manner in which surgical team members
were educated about the intervention prior to its introduction. Given the limited resources of the
project and vast size of the pool of relevant surgical team members which needed to be educated
on the intervention, education modalities were limited to educational posters and emails.
However, these education modalities may not have been as effective as others, such as, for
example, providing in-services for all relevant surgical team members. This represented a
strategic tradeoff between education reach and education quality. A project design which utilized
a higher quality education modality while still reaching the entire pool of relevant surgical team
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members would have been ideal and may have improved the observed effectiveness of the
intervention.
One final limitation of note was the small sample sizes of the participants which
conducted the pre-intervention and post-intervention surveys. These small sample sizes reduced
the statistical power of the analysis and obscured the ability to detect a potential effect of the
intervention. Once again, the large pool of relevant surgical team members made data collection
challenging and thus survey results were garnered solely through email. It is possible that
another technique could have been utilized to increase provider participation and sample size.
Conclusions
While the outcome assessment of this project failed to demonstrate the intervention’s
efficacy, limitations in the project’s design and the potential for confounding in the results
weaken the interpretive value of this result. Consequently, validity of the intervention remains.
Despite this, the intervention’s continued use at the site of the project can be justified on the
grounds that the intervention: (1) lacks any identifiable sources for harm, (2) the project’s
outcome assessment does not reliably invalidate the intervention due to project limitations and
data collection questions, and (3) the intervention can be maintained without any meaningful
input of time, effort, or financial resources, making it highly sustainable. However, due to the
lack of evidence supporting the intervention, expansion of the intervention, is less well
supported.
In order to justify expansion of this project’s intervention, its efficacy would first have to
be validated through an investigation utilizing more robust and resource-intensive methods than
were available to this project. This would include utilizing a higher quality method for educating
relevant surgical team members, such as, for example, providing in-person staff in-services.
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Furthermore, a method that captured more survey responses would also need to be utilized, such
as, for example, soliciting survey participants in areas where surgical team members congregate
such as break rooms. Utilizing these kinds of robust methods, a more decisive picture of the
efficacy of the intervention could be established. If the intervention’s validity were to be
established, it could be expanded to other hospitals which serve as clinical sites for SRNAs
relatively easily.
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Appendix A
Evidence Table

Author(s)
(Year)
Christie &
Hill (2002)

Neily et al.
(2009)

Aim(s), research
question(s), or
hypotheses

Methodology:
design, site,
sample

To determine local syringe
drug labelling systems across
the UK and to determine
anesthesiologists’ views on a
national, standardized colorcoding system.

Descriptive study;
Postal survey of (n =
285) College Tutors
of the Royal College
of Anaesthetists,
representing
anesthesiologists
from across the entire
UK.

IV: survey questions

Descriptive study;
Analysis of all
reports of surgical
adverse events in
VHA facilities for
which root cause
analysis reports were
available (n = 342
reports in total). All
major VHA facilities

IV: Event location
(OR vs non-OR),
adverse event vs
close call, anatomic
body segment
involved, service or
specialty that
performed the
surgery, root cause of
the adverse event

To characterize incorrect
surgical procedures within
and outside ORs reported
within VHA medical Centers.

Variables

DV: survey
respondents

Results/
Conclusion

Strengths and
limitations

96% of anesthesia
departments use
color-coded syringe
drug labels; 98% use
the ‘Medilabel’ color
scheme; 94% felt that
a standardized colorcoded scheme should
be required; The
authors conclude that
a national standard
for drug labels should
be required.

Strengths: Involved
the collective input of
a large number of
experts from across
all parts of the UK.

50.9% of adverse
surgical events
occurred in the OR,
49.1% occurred
elsewhere; 61.9%
actual adverse events,
38.1% close calls;
ophthalmology and
invasive radiology
were the specialties
with the most

Weaknesses: Only
provides qualitative
data and expert
opinion. There is no
quantitative means of
knowing if colorcoded syringes
increase patient
safety which is the
ultimate purpose for
such an intervention.
Strengths:
Investigated a diverse
data set from a large
number of facilities
Weaknesses:
Descriptive design,
cases limited to those
reported, non-OR
events may have been
underreported
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Rosen et al.
(2019)

Borchard et
al. (2012)

To determine whether
implementation of a rolebased head covering system
could increase identification
of surgical team members’
roles in the OR and ultimately
patient safety.

To assess effectiveness and
compliance with
implementation of surgical
safety checklists

were included,
totaling 153 facilities.

DV: Number of
adverse events

Descriptive study;
Pre- and postintervention survey
of OR faculty and
graduate medical
students regarding
opinions on
misidentification in
the OR; Study site
was a large tertiary
care academic
medical center; 52
survey responses
were collected (n =
28 pre-intervention
and n = 24 postintervention).
Systematic review;
Search included
articles from
Medline, Embase,
and Cochrane
Collaboration
databases as well as a
manual search of
reference lists of key
articles and tables of
content. The search
yielded n=22 articles.

IV: presence or
absence of the
intervention (colorcoded, role-based
head covering
system)
DV: OR faculty and
medical student
opinions on
misidentification in
the OR as measured
through surveys.

IV: Surgical checklist
use
DV: Morbidity,
mortality, compliance
with checklist use

reported adverse
events; the most
common root cause
of events was a
problem in
communication
(21.0%).
After introduction of
the intervention there
was a significant
decrease in the
proportion of
respondents who felt
that it was difficult to
distinguish students
in training from
trained OR personnel
from 79% to 42% (p
= 0.007).

because they may be
less obvious, some
root cause analysis
reports lacked
sufficient detail for
analysis.

Checklist use resulted
in a RR for mortality
of 0.57 (0.42-0.74
[95% CI]) and a RR
of any complications
of 0.63 (0.58-0.67
[95% CI]).
Compliance ranged
from 12% to 100%
(mean 75%).

Strengths: Included a
large number of
studies conducted in
heterogenous
settings.

Strengths: Simple,
low-cost intervention,
no disruption to
workflow.
Weakness:
Descriptive design,
small sample size,
survey did not
address whether
reported
improvement in
identification of OR
staff was a result of
the intervention.

Weaknesses: Studies
were limited only to
those which
examined use of three
common checklists.
Heterogeneity of
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Treadwell et
al. (2013)

To determine efficacy of
surgical checklists for
improving patient safety

Systematic review;
Search included
articles from four
databases
(MEDLINE,
CINAHL, EMBASE
and the Cochrane
Databased of
Controlled Trials)
which described use
of the WHO
checklist, the
SURPASS checklist,
a wrong-site surgery
checklist or an
anesthesia equipment
checklist. The search
yielded n=33 articles.

IV: Surgical checklist
use
DV: Measures of
patient safety
(measures varied
according to the
studies included in
the review).

Surgical checklists
were associated with
increased detection of
potential safety
hazards, decreased
surgical
complications, and
improved
communication
among operating
staff.

study designs,
populations, and
other factors made
interpretation of
results challenging
Strengths: Included a
large number of
studies conducted in
heterogenous
settings.
Weaknesses: The
underlying
explanation for
improvements in
measures of patient
safety could not be
singularly attributed
to the use of
checklists based on
most study designs.

Legend: CI = confidence interval, CINAHL = Cumulative Index to Nursing and Allied Health Literature, EMBASE = Excerpta
Medica dataBASE, NA = not applicable, OR = operating room, RR = relative risk, SURPASS = surgical patient safety system, VHA
= Veterans Health Administration, WHO = World Health Organization
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Appendix B
Educational Email for Surgical Team Staff
Subject: Notice of Upcoming Initiative for Improving Surgical Safety
Dear Surgical Staff Members,
This email is being written to all surgical staff to provide you information regarding the upcoming
implementation of a new quality improvement initiative. Beginning [insert implementation date
here] all student registered nurse anesthetists (SRNAs) belonging to the WVU Nurse Anesthesia
Program (NAP) will begin wearing color-coded badge reels which correspond to the student’s
level of progression within the NAP based on the conventions depicted in Table 1 below. In order
to help correlate program progression to expectations of SRNAs’ didactic and clinical knowledge,
a progression plan for the program is provided in Table 2. The purpose of this intervention is to
help surgical team members quickly ascertain information about the level of proficiency of the
SRNAs with whom they are working in order to set appropriate expectations and responsibilities
for SRNAs, improve team communication, and ultimately improve patient safety in the operating
suite. This initiative is being conducted as part of a doctoral nursing (DNP) project. As part of this
project, you will be receiving additional emails with an attached brief survey that will be used to
collect data for this project. Your voluntary participation in these surveys will help determine the
effectiveness of this intervention and will be greatly appreciated.
Table 1: Color code conventions for SRNA badge reels.

Badge Reel Color

Nurse Anesthesia Program Year of
Progression
1st Year

Red

2nd Year
Yellow

3rd Year
Green
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Table 2: WVU DNP Nurse Anesthetist Program Progression (Spring 2020 Start)
Fall
(15 weeks)

Year 1
(2019-2020)

Year 2
(2020-2021)

Year 3
(2021-2022)

Spring
(15 weeks)

NSG 706 Advanced Pathophysiology
NSG 724 Health Research Statistics 1
NSG 793A Special Topics:
Scientific
Underpinnings of the DNP Role

3
3
3

Total Credits:
NSG 704 Health Care Leadership
NSG 742A Foundations of Anesthesia 1:
Basic Principles of Safe Anesthesia
Care
NSG 743 Foundations of Anesthesia Lab
NSG 752A Foundations Clinical Practicum 1
NSG 831 DNP Project Implementation

NSG 701 Advanced Pharmacotherapeutics
NSG 705 Advanced Lifespan Assessment
NSG 707 Evidence-Based Practice Methods
NSG
740A
Standards
of
Practice,
Professionalism, and Overview of the
Nurse Anesthesia Role

3
3
3
2

NSG 702 Population Health Promotion
NSG 741 Genetics, Chemistry, and Physics of
Anesthesia
NSG 830 DNP Project Development

3
3

9

Total Credits:

11

Total Credits:

8

3
3

NSG 742B Foundations of Anesthesia 2:
Regional
Anesthesia
and
Considerations
for
Common
Procedures
NSG 744A Advanced Anatomy, Physiology,
Pathophysiology
1:
Cardiac,
Pulmonary, and CNS
NSG 746 Advanced Pharmacology for Nurse
Anesthetists
NSG 752B Foundations Clinical Practicum 2
NSG 831 DNP Project Implementation

2

NSG 744B Advanced Anatomy Physiology,
Pathophysiology 2: Hepatic, Renal,
and Related Systems
NSG 747 Perioperative Assessment and Care
NSG 748A Advanced Principles of Anesthesia 1:
Cardiothoracic,
Vascular,
and
Neuroanesthesia
NSG 753A Advanced Clinical Practicum 1

2

1
1
1

3
3

2

1
3
2

2
1

Total Credits:

9

Total Credits:

11

Total Credits:

8

NSG

748B Advanced Principles of
Anesthesia 2:
Management
Across the Lifespan
NSG 749 Business, Management, and
Finance in Nurse Anesthesia
Practice
NSG 753B Advanced Clinical Practicum 2
NSG 831 DNP Project Implementation

3

NSG 710 Health Care Issues, Ethics, and Policy
NSG 748C Advanced Principles of Anesthesia
3:
Management of Special
Populations
NSG 753C Advanced Clinical Practicum 3
NSG 754 Transforming Health Care Through
Information Technology

3
2

NSG 740B Professional Issues in Nurse
Anesthesia
NSG 810 Nurse Anesthesia Clinical Immersion
1
NSG 832 DNP Project Presentation

2

Total Credits:

9

3
2
1

NSG 751 Evidence Based Anesthesia Review
NSG 812 Nurse Anesthesia Clinical
Immersion 2

3
3

Total Credits:

6

2
3

10
Total Credits:

Year 4
(December 2022
Graduation)

Summer
(12 weeks)

3
2

7
Total Credits:

Credit Total: 88
Anesthesia Credits = 36, Core Credits = 30, Clinical Credits = 15, DNP Project Credits = 7.

If you have any questions: Please email Joseph Britz, BS, BSN, RN, the principal investigator for the project at jb0263@wvu.edu.
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Appendix C
Evidence of Key Site Support
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Appendix D
Pre-/Post-Intervention Survey
Instructions: Begin by selecting your role on the surgical team by checking the corresponding
box. Then proceed to carefully read the statement listed below which pertains to attitudes regarding
difficulty identifying the level of training of student registered nurse anesthetists (SRNAs) as they
participate in providing anesthesia services as part of their clinical training. Once you have read
the statement, please indicate the degree to which you agree or disagree with the statement by
checking the corresponding box.
My role on the surgical team is (check one):
SRNA

CRNA

Anesthesiologist

Circulator RN

Strongly
Disagree
It is difficult to quickly determine the level of
training of student registered nurse
anesthetists (SRNAs).

Disagree

Neutral

Agree

Strongly
Agree

